Moderate to severe chronic pain affects 1 in 5 adults and its impact increases with age. People with chronic pain that interferes with their lives have an increased risk of mortality. Identifying how interfering chronic pain can lead to mortality may highlight potential intervention strategies. This study uses a novel approach to test whether lifestyle, health, social, and psychological factors mediate the relationship between pain and mortality. Survival analyses (Cox's proportional hazard modelling and a technique to assess mediation within survival models) were conducted on a large population study of adults aged 50 years or older from the English Longitudinal Study of Ageing (n 5 6324). Data collected at wave 2 (2004) were used as baseline and follow-up was until 2012. The relationship between being "often troubled with pain" and mortality was examined. Lifestyle, health, social, and psychological factors were tested as potential mediators. The strongest mediating factors for the relationship between troubling pain and mortality were functional limitation (hazard ratio 1.31; 95% confidence interval 1.20-1.39), symptoms preventing walking quarter of a mile (1.45 [1.35-1.58]), physical inactivity (1.14 [1.10-1.20]), and poor self-rated health (1.32 [1.23-1.41]). Mediators of the relationship between troubling pain and mortality provide targets for preventive health programmes. Interventions to improve general health, activity, and function could improve long-term survival in patients with this clinical problem.
Introduction
Moderate to severe pain affects 1 in 5 adults. 28 There is inconsistent evidence that mortality is higher in people with pain, 24, 27 but emerging consistency that excess mortality might be restricted to those people with chronic pain that is interfering with everyday life. 39 In addition to the impact of pain itself, the secondary consequences of pain and characteristics of those with chronic pain may explain the excess mortality.
2,24,27, 42 We have investigated this hypothesis and present the results in this article.
Mediation analysis enables an investigation of different pathways that could explain the effect of an exposure on an outcome. This article presents novel analyses which tested if lifestyle, health, social, and psychological factors were mediators of the relationship (ie, lie on a pathway) between pain and mortality. These factors may explain the link between pain and mortality and may identify potential targets for interventions or populations who are particularly vulnerable and would benefit from prevention strategies. The proposed mediating factors were selected based on their theoretical plausibility as mediators and the availability of data to test this in the data set used in this study [3] [4] [5] 7, 9, 10, 13, 15, [17] [18] [19] 23, 25, 26, 29, 30, 32, 34, 43 (see supplementary material, available online at http://links.lww.com/PAIN/A560). Mediation analysis has rarely been undertaken using survival models. 22, 33, 36 This study used a technique developed to perform mediation analysis within a survival model.
Methods

Design, study setting, and population
Data from the English Longitudinal Study of Ageing (ELSA) were used. The data collection methods for this study are described in detail elsewhere. 31 Briefly, ELSA is a large scale longitudinal panel study of the health, economic, and social circumstances of adults aged 50 years and older in England which began in 2002. Data collected at wave 2 (2004) were used as baseline in this study. Complete data for pain, mortality, confounders, and all potential mediators at baseline were available for 6324 participants (Fig. 1) . We have previously reported on the association between different phenotypes of pain and mortality using this data set. 39 In this article, we have selected our case definition to be chronic "often troubling" pain for the mediation analysis.
Outcome
Information on vital status was available until the end of February 2012. Only year of death was available; therefore, the time in the study was calculated in months from the date of interview until the 31 December in the year the participant was known to have died (or 28 February if they died in 2012).
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Exposure, mediators, and covariates
The exposure for this analysis was identified using a single item ("Are you often troubled by pain?" [yes/no] resulting in the dichotomous variable "often troubled with pain" vs "not often troubled with pain"). The phrase "troubling pain" will be used throughout the article for this phenotype. Lifestyle, health, social, and psychological factors were tested as potential mediating variables of the relationship between pain and mortality; these were physical activity, smoking, alcohol consumption, self-reported health, functional limitation, symptoms preventing walking quarter of a mile (chest pain, fatigue/too tired, shortness of breath, tremor, pain in leg or foot, swelling in leg or foot, incontinence, seeing difficulty, hearing difficulty, confusion, difficulty in concentrating, memory problems, unsteady on feet or balance problems, lightheaded or dizziness, fear of falling, anxiety or fear, or other problem or symptom), social group membership, volunteer work, quality of life, depression, and cognitive impairment (Supplementary Table 1 , available online at http://links.lww.com/PAIN/ A560). Self-rated health may of course be a proxy for specific conditions that lead to early death but here is taken as a measure of an individual's aggregated reflection of the many dimensions that affect their health. Justification for the selection of the potential mediators is presented in the supplementary material (available online at http://links.lww.com/PAIN/A560). Age, sex, education, and wealth were treated as potential confounders. Participants' educational qualifications were categorised to National Vocational Qualification (NVQ) 4/5 or degree or equivalent, higher education below degree, NVQ3/Advanced level equivalent, NVQ2/Ordinary level equivalent, NVQ1/Certificate of Secondary Education or equivalent or foreign/other or no qualification. For wealth, net total nonpension wealth was categorised using quintiles (highest to lowest). This measure of wealth has been found to be the strongest socioeconomic predictor of health in the ELSA sample. 12 Further information about the measurement of each variable including details of scales and psychometric properties (where appropriate) is presented in the supplementary material (available online at http:// links.lww.com/PAIN/A560).
Procedure
This study used a technique developed to perform mediation analysis within survival analysis based on the counterfactual framework (see the explanation of this below); this required all mediators to be binary (Supplementary Table 1 , available online at http://links.lww.com/ PAIN/A560). In time-to-event analysis, such as a Cox's proportional hazards model with a binary exposure and mediator, Lange et al. 22 showed that a weighted Cox regression produces unbiased estimates for direct and indirect effects. Within the counterfactual framework, each participant is observed under 1 set of circumstances, but consideration is also given to what would have happened to that participant under counterfactual circumstances (those that did not occur). 35 This involves replication of analyses whereby, in the first instance, the exposure takes the original value and in the replication, it takes the opposite or counterfactual value. Weights are derived from logistic regression of the binary mediator on the exposure and baseline confounders as follows:
where A is the observed exposure of interest; M is the mediator; and C, a set of baseline confounders. * represents the counterfactual value(s). 22 Where the assumptions of proportional hazards and noninformative censoring are met, the weighted Cox regression model will give hazard ratios (HRs) which are estimates for the direct and indirect effects. The product of these 2 HRs provides the HR for the total effect. This is the approach used by Rochon et al. (2014) in their development of code for mediation analysis for the statistical package R and was the technique used to perform the analysis in this study (see supplementary material, available online at http://links.lww.com/PAIN/A560).
First, associations between the predictor exposure (troubling pain) and each mediating variable were examined using logistic regression to explain the direction of any mediating effect {eg, a negative association (odds ratio [OR] less than 1) between troubling pain and greater physical activity means that the HR [above 1] of the indirect effect refers to an increased risk of mortality as a result of pain and lower levels of physical activity}. All associations between troubling pain and potential mediators are presented as ORs with 95% confidence intervals (CIs). All analyses were adjusted for putative confounders (age, sex, education, and wealth). Results of the mediation analyses (performed using the technique described above) are presented as HRs for the direct, indirect, and total effects with associated 95% CIs. Mediation was indicated by the presence of an indirect effect. The descriptive analysis was performed using Stata version 13, and the survival and mediation analyses were performed using R. Confidence intervals were calculated using bootstrapping. 36 
Results
Of the 6324 included participants, 35.9% of the sample reported troubling pain ( Table 1 ). The median age was 63 years and 55% were female. The length of time in the study for those who died (n 5 764 [12.1%]) ranged from 0 to 90 months from the date of interview, with a mean survival time of 54.1 months (SD 24.7). Within 12 months of the interview date, 40 deaths (5.2% of all deaths) occurred.
Lifestyle factors
Troubling pain was associated with lower levels of physical activity and low alcohol consumption, but was not associated with smoking. The relationship between troubling pain and mortality was mediated by physical inactivity and low alcohol consumption but not smoking (eg, for physical activity, the OR 0.34 [95% CI 0.30-0.39] for association between troubling pain and moderate/vigorous physical activity indicates that the indirect effect of HR 1.14 [95% CI 1.10-1.20] is a result of an association between pain and physical inactivity) ( Table 2) .
Health factors
All health factors (poorer self-reported health, functional limitation, and symptoms preventing walking quarter of a mile) were each associated with troubling pain and mediated the relationship between troubling pain and mortality (eg, association of Characteristics of the sample (n 5 6324). 
Social factors
Low social group membership and not participating in volunteer work were associated with troubling pain and both of these factors mediated the relationship between troubling pain and mortality (eg, association between troubling pain and membership of 2 or more social groups; OR 0.86, 95% CI 0.77-0.96, and indirect effect of social group membership; HR 1.01, 95% CI 1.00-1.02 indicates that the observed mediating effect is due to low social group membership) ( Table 2) .
Psychological factors
Troubling pain was associated with lower quality of life (control, autonomy, pleasure, and self-realisation), depression, and cognitive impairment. There were mediating effects of all psychological factors (eg, association between troubling pain and Centre for Epidemiologic Studies Depression scale score .4
[depressed]; OR 2.62, 95% CI 2.33-2.95, and indirect effect of depression; HR 1.09, 95% CI 1.05-1.12) ( Table 2 ).
Discussion
Summary of findings
This study identified health, lifestyle, social, and psychological factors that explained the relationship between troubling pain and premature mortality, indicating a number of potential targets to reduce mortality for people with pain. The most powerful explanatory factors for the relationship, indicated by a larger indirect effect and a greater reduction in direct effects, 20 were those which measured physical limitation and inactivity. The precise mechanisms could be multiple because physical inactivity is linked to a number of chronic diseases, 44 all of which confer increased mortality risk. Measures of functional limitation resulted in the strongest mediating effects. This is consistent with previous studies reporting reduced functional ability in people with pain 45 and associations between functional impairment and mortality. 38 Self-reported assessments of functional impairment measure perceived limitations in physical capacity rather than the amount of physical activity, 41 but the former have inevitable consequences for the latter. Functional limitation will lead to physical inactivity that emphasises the importance of physical capacity and managing functional limitation for people in pain. 41 
Comparison with other studies
This is the first study investigating potential mediators of the pain mortality relationship, and 1 of only a small number of studies that have examined mediating effects within survival analysis. Andersson 2 reported an association between widespread pain and mortality explained by lifestyle factors. However, Andersson's study did not test pathways from pain to mortality; factors were adjusted for as confounders within survival analysis.
There was no mediating effect of alcohol consumption in the current study. However, the observed association between pain and reduced alcohol intake is consistent with previous research 8, 26 and suggests low alcohol consumption may be a proxy for poor health. The symptoms that older adults experience, their associated medication use, and reduction in social activities where alcohol is consumed 8 may explain why pain is associated with lower alcohol consumption.
Smoking was not a mediating factor in the current study. The dichotomy of current smoker/nonsmoker used in this analysis is a limitation, as it only measures current smoking status. Mortality from smoking is linked to the number of cigarettes smoked and when people stopped 14 and our comparison did not provide an account of this. It may be that a current smoker with pain increases the amount smoked to cope with their pain 13 ; however, this hypothesis could not be tested in this study. It was also not possible to test the direction of the relationship between pain and smoking. Pain may be associated with not being a current smoker as a result of other health conditions prompting an individual to quit, and those other health conditions may account for the increased risk of mortality in those people.
Strengths and limitations
A strength of this study is that the data collection came from a general population cohort unaffected by selection with respect to the hypotheses investigated in this article. The study was able to specifically examine potential mechanisms for a relationship between pain and mortality. A new technique was used to estimate the extent of mediation by the proposed mediators within survival analysis. Key targets were identified to reduce mortality in older adults with pain.
The variables could be dichotomised to enable this mediation analysis to be undertaken. However, binary variables bring some limitations, notably potential loss of precision and misclassification. This also prevented examination for trends in the extent of mediation with increasing levels of exposures.
1, 40 However, analyses to compare moderate to severe pain with mild/not often troubled and severe pain with moderate/mild/not often troubled (see supplementary Table 2 , available online at http://links.lww.com/PAIN/A560) revealed similar patterns of mediation to the original pain dichotomy used. For some of the mediating factors, the HR for the indirect effect is close to 1.00. The loss of information as a result of dichotomising reduces confidence; these variables are true mediators of the relationship between pain and mortality. In addition, consideration of multiple hypotheses simultaneously increased the likelihood of a type 1 error 6 and it was not possible to correct for this here.
A single mediator can not fully explain a relationship between an exposure and outcome, but testing individual mediators helps to determine which factors may contribute to a more complex Table 2 Pathways between "often troubled with pain" and mortality through lifestyle, health, social, and psychological factors (n 5 6324): direct, indirect, and total effects.
Mediator
Association between often troubled with pain and potential mediator, adjusted OR (95% CI) relationship. In this study, pain described as "often troubling" continued to have a direct effect on mortality in some of the mediation models. This description of pain may capture a number of different ways that pain impacts on an individual's life and the mediators examined account for only some of this impact. There were limitations in the way that some of the proposed mediators were measured. For example, for some of the symptoms preventing walking quarter of a mile, the pathways between predictor and mediator are uncertain. This variable included individual symptoms that were unlikely to be a result of pain, ie, seeing or hearing difficulties (see supplementary Table 1 , available online at http://links.lww.com/PAIN/A560). The inclusion of these items reduces clarity in mediating effect of this variable.
In addition, some causes of pain are more likely to be associated with mortality and more likely to interfere with life than others, and this might produce a spurious association between pain interference and mortality. To address this, stratified analyses of participants with and without comorbidities were undertaken (see supplementary Table 3 , available online at http://links.lww.com/PAIN/A560). This may capture some of the underlying causes of pain, but there are likely important underlying causes (eg, neuropathic pain) that it was not possible to assess in this sample. Indirect pathways from pain to mortality were observed in participants both with and without comorbidity, indicating that interventions to target-identified mediating factors are important to reduce mortality risk in everyone with pain, not just in those with comorbidity.
Measures capturing broad constructs such as general health and quality of life may not be direct targets for intervention but would be influenced by the management of other targets. For example, improvements in self-rated health are likely to be dependent on a broad range of factors. Future studies are necessary to explore exactly what it is about self-rated health that increases mortality risk. However, interventions to improve the individual factors indicated as mediators in this study are likely to subsequently result in improved quality of life/self-rated health in addition to reduced mortality risk.
Information obtained by self-report is limited by inaccuracies because of problems with recall and with differing interpretations of questions which affect face validity. A particular example of this is with the report of physical activity levels. A high proportion of the sample (31%) reported engaging in vigorous activities at least once a week. This could be a result of information bias (1 person's idea of what constitutes vigorous activity may differ greatly from another's), recall bias (inaccurate recollection of activity), or response bias (responders provide selectively more favourable answers [eg, higher activity levels]). 11 Misclassification of activity levels in the current study was therefore quite likely, but the impact of this (and other) misclassification would tend to result in underestimates of the real size of any associations observed.
Although the ELSA sample is generalisable to the national population of England aged 50 years and older, missing data introduced the potential for selection bias. However, we have previously reported the impact of this to be minimal for this sample. 39 In addition, the ELSA sample is an active group of older adults (as has been reported elsewhere 21 ) which may limit generalisability. Mediation analysis attempts to elucidate mechanisms for relationships between exposures and outcomes. Although the study was longitudinal with respect to the main outcome (death), it is a potential limitation that the variables investigated as mediators were not measured at a later date than the pain variable. Often, as in this study, mediators are considered individually and have been measured at the same time as the exposure. Causal inference based on observational data, particularly cross-sectional data should be made with caution. 16 Mediator analyses are based on theoretical events or processes that unfold over time and the sequence is determined by what is theoretically plausible. There are often multiple ways of defining the relationships between the variables. 37 The pathways between pain and mortality identified by the current study are useful for suggesting potential targets for intervention, but the true complexity of relationships and processes can never be modelled exactly using statistical techniques.
Implications for research and practice
This study has identified a number of factors that explain the relationship between troubling pain and mortality and are potential targets for reducing the risk of death. Further development of the technique used to undertake the mediation analysis would allow for a more detailed and precise investigation of mediating factors and provide a more accurate representation of the relationships investigated here. However, this study has provided a strong indication that factors affecting mobility, physical activity, and perception of health are important mediators of the relationship between pain and mortality. Interventions to increase physical function, physical activity, and perceived general health may help to reduce the risk of death in those with pain.
